
WRDC-TR-90-8007
Volume IV
Part 7

AD-A252 525

INTEGRATED INFORMATION SUPPORT SYSTEM (IISS)
Volume IV - IISS System
Part 7 - Enterprise Integration Framework (EIF) for Eleczroni'2

DTIC
J. Maxwell ELECTE i9

JUN 19 1992
Control Data Corporation S UN D
Integration Technology Services S2970 Presidential Drive
Fairborn, OH 45324-6209

September 1990

Final Report for Period 1 April 1987 - 31 December 1990

Approved for Public Release; Distribution is Unlimited o

MANUFACTURING TECHNOLOGY DIRECTORATE
WRIGHT RESEARCH AND DEVELOPMENT CENTER
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433-6533



NOTICE

When Government drawings, specifications, or other data are used for any purpose other
than in connection with a definitely related Government procurement operation, the United
States Government thereby incurs no responsibility nor any obligation whatsoever, regardless
whether or not the government may have formulated, furnished, or in any way supplied the
said drawings, specifications, or other data. It should not, therefore, be construed or implied
by any person, persons, or organization that the Government is licensing or conveying any
rigzhts or permission to manufacture, use, or market any patented invention that may in any ,.va%
be related thereto.

This technical report has been reviewed and is approved for publication.

This re port is releasable to t he National T cnn i:

Inf ir a at io n S e r iice 4T:S) . A t I T 13, i t ~ii e
available to the general public, inc1udlnq oreign iaton.

7 / / _

DAVD 7 DS N, Pject Manaer DATE

Wrht-Patt1rson AFB, OH 45433-653
/

FOR THE COMMANDER:

-7,

bRUCE A. RASMLSSEN. Chief D;\TE
WRDC/MlTI
Wriiht-Patterson AFB. OH 45433-t5.":,

If vour address has changed, if vou . ;h to he removed form our mailingr list, or if the
addressee is no longer employed by yOu'-r '-inization please notify WRDC/'ITI. Wniht-
Patterson Air Force Base, OH 45433-5 :)- help us maintain a current mailing 1i,,t.

Copies of this report should not he ied unless return is required by secuinty
considerations, contractual obligations. Lr .';.nlce on a specific document.



Unclassified

REPORT DOCUMENTATION PAGE
la. RFPO-T SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS

Unclassified

2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABILITY OF REPORT

______________________________________________ Approved for Public Release;

* 2b. DECLASSIFICATI1ON/DOWNGRAD ING SCHEDULE Distribution is Unlimited.

4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUJMBER S?

EIF620350002 WRDC-TR-90-8007 Vol. IV, Part 7

6a. NAME OF PERFORMING ORGANIZATION 5. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
Control Data Corporation; (if applicable) WRDC/MTI
Integration Technology Services I__________________________
6c. ADDRESS (CityState, and ZIP Code) 7b. ADDRESS (City State. arid ZIP Code.

2970 Presidential Drive
Fairborn, OH 45324-6209 WPAFB, OH 45433-6533

Ba. NAME OF FUNDING/SPONSORING Bb. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDEN.TR CA7 C%
ORGAN IZATION (if applicable)

Wright Research and Development Center. RC'T F33600-87-C-0464
Air Force Systems Command. USAF WD.T

_________________________ ___________in SOURCE OF FUNDING NCS.

8c. ADDRESS (City, State. and ZIP Code)
Wright- Patterson AFB. Ohio 45433 PROGRAM PROJECT TASK V.-C;<

ELEMENT No. NO. NOC.
1. TITLE (Include Security Classification)7811F95o co

See Block 19 701 930 P~C2 s;r~
2. PERSONAL AUTHOR(S)

Control Data Corporation: J. Maxwell

3a. TYPE OF REPORT j13b. TIME COVERED 14. DATE OF REPORT (Yr.,Mo..Day) 1.~2
Final Report I1 --/l/87-12/31/90 1990 September 30-7

6. SUPPLEMENTARY NOTATION

WRDC'MTI Project Priority 6203

7. COSATI CODES 18. SUBJECT TERMS IContinue on reverse if necessary ano toenrt~ C1W ' (70c~

FIELD GROUP SUB GR.

9.ABSTRACT (Continue on reverse if necessary and identify block number)

This document describes work performed in support of the Enterprise Integration Framework.;tonas:eFv
produced by IBM Corporation for defining a national framework for inter and intra enterprise integraton isasuc cnlO-
and National and International standards.

Block 11:
Integrated Information Support Svstm (TISS)
V'oliume IV - TISS System
Part 7 - Enterprise lntcg,,ration Framnework (P-IP) for Eloctronic~s

" 0. DISTRIBUTIONAVAILABILITY OF ABSTRACT 121. ABSTRACT SECURITY C LASSIF'CAT

JNCLASSIFIED/UNLIMITED x SAME A' RPT. DTIC USERS Unclassified

?2a. NAME OF RESPONS:BLE INDIVIDUAL {22b. TELEPHONE NO.
I (IInclude Area Code)I

David L. Judison (513) 255-7371

EDITION OF 1 JAN 73 IS OBSOLETE
DD FORM 1473, 83 APR Unclasstfied

SECURITY CLASS IF CAT C% IF, . '.V



ElF 620350002
30 September 1990

FOREWORD

This technical report covers work performed under Air Force Contract F3360(-87-C-0464, DAPro
Project. This contract is sponsored by the Manufacturing Technology Directorate, Air Force
Systems Command, Wright-Patterson Air Force Base, Ohio. It was administered under the
technical direction of Mr. Bruce A. Rasmussen, Branch Chief, Integration Technology Division.
Manufacturing Technology Directorate, through Mr. David L. Judson, Project Manager. The

>(,Prime Contractor was(Integration Technology Services,) Software Programs Division. of the
Control Data Corporation, Dayton, Ohio, under the direction of Mr. W. A. Osborne. The DAPro
Project Manager for Control Data Corporation was Mr. J. P. Maxwell.

The DAPro project was created to continue the development, test, and demonstration of the
Integrated Information Support System (IISS). The IISS technologv ,%ork coin pri.,ce
en hancements to IISS software and the establishment and operation of IISS test bed hard1 arc tr(f
communications for developers and users.

The following list names the Control Data Corporation subcontractors and their contribniin,,

activities:

SUBCONTRACTOR ROLE

Control Data Corporation Responsible for the overall Common Data Model design
development and implementation. IISS Integration and test. and
technology transfer of IISS.

D. Appleton Company Responsible for providing software information services for the
Common Data Model and IDEF IX integration methodology.

ONTEK Responsible for defining and testing a representative integrated
system base in Artificial IntellIgence techniques to establish litlic\,,
for use.

Sinipact Corporation Responsible for Communication development.

Structural Dynamics Responsible for User Interlkices. Virit.,1l l'cmi na II nietacC. 1ind
Research Corporation Network TrainsactIon \Minan,,er desiun. dev elopnicmi.

iplelenatio1, an1d su1111port.

.\ri/ ola Stite University Responsible fo)r test bed operations aid '.tupp .Wi
Ac:esion For

NTIS CRA&I
[)I lAB [1
U:.a;inou,.-ed E-
JJtihCation
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DiAt; ibution I
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SECTION 1

INTRODUCTION

1.1 Background

In September 1989, Control Data awarded subcontracts to IBM Corporation and Northrop
Corporation for the Enterprise Integration Framework task. This document presents, as an
unedited appendix, the IBM Workshop Briefing. DAPro document EIF 620350001 provides the
final report of the Northrop effort.

1.2 Disclaimer

The conclusions presented by this document are those of the IBM ElF Team and do not
necessarily reflect those of either Control Data or WRDC/MTI. The release of this document doe.s
not imply endorsement by the USAF.
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SECTION 2

EIF OBJECTIVES

2.1 WRDC/MTI Statement of Work

In June 1990, WRDC/MTI released a SOW defining the Enterprise Integration Framework

task. A simplified version of that SOW is presented in this section.

2.1.1 Background

The Integration Technology Division of WRDC/MTI and their cosponsors will be leading
an effort to define, develop, and validate through implementations a national framework for inter
and intra enterprise integration based on open systems and national and international standards.
This effort will be cosponsored by the Defense Manufacturing Office of the Defense Advanced
Research Projects Agency (DARPA DMO), the Computer Aided Acquisition and Logistics Support
(CALS) office in the Office of the Secretary of Defense (OSD CALS), and the National Institute
for Standards and Technology (NIST). This effort will begin with a preliminary strawman
framework development task to serve as the catalyst for national debate and involvement in follow -

on longer term programs for the development and implementation of open systems for enterprise
integration. It is anticipated that a national consensus will emerge, resulting in a United States
model for the development of international standard(s) for integrating many types of applications
and industries. Opportunities will be sought for cooperation and coordination with other related
international efforts.

This task for development of a preliminary or strawman enterprise integration framework
will build off of prior and ongoing work including the European Strategic Program for Research
on Information Technology (ESPRIT) consortium developing a Computer Integrated
Manufacturing Open Systems Architecture (CIM OSA). For a number of reasons, the United
States has been slow to respond in a unified, coordinated manner to this activity. To facilitate the
design of a comprehensive enterprise integration framework, the approach of this task is not to
start from scratch, but to evaluate the relevance of leverag.ting the ESPRIT CIM OSA effort as %well
as other potentially relevant existing initiatives. The resulting framework will provide a sitablc
low-risk strategy for coordinated investment by government and industry in atutoilmarcd
infrastructures. The framework will also provide a common reference model fur cstahlihiii,:
research priorities, modernization of DoD activities, and standards efforts..\ n mber 4)f c.'nhei
c()ordinated activities of the sponsors will support the development of the national traillC\, ork
initiated by the strawman framework from this effort.

2.1.2 Scope of Effort

This enterprise. integration strawman framework effort shall span an eight month 11 tmlc
period. There will be two tasks executed serially: task one shall last two months, task two shall
last six months. The objective of the effort is to employ contractor expertise to work closely with a
NIST-led Framework Advisory Board (FAB) to quickly assess the state of the art. develop a
strawman framework, and perform a domain imp-ict study for the framework. While the focus ()I
the effort is primarily domain independent, the contractor shall focus primarily utt 10t
exclusively) on aerospace enterprise issues to include an aerospace organizations interfaces to the

2-I
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government and to subtler suppliers. Task 1 should not exceed 25% of the total effort- task 2 shall

compose the remainder of the effort.

2.1.3 EIF Tasks

Task 1: Preliminary Scoping Document and Development Plan

1. 1 The contractor shall submit a monthly status project status letter to the AFPMO to
identify significant events, accomplishments, contractor/government liason activities/meetings.
potential problem areas or issues, and related progress throughout this effort. The contractor shall
use the IDEF methodologies and other formal structured techniques as required for reporting
results when appropriate. The contractor shall develop and document a management plan for
performing the activities of task I and task2.

1.2 The contractor shall develop an unclassified, annotated bibliography and assessment of
existing material which is relevant to the framework development. Using this source material, the
contractor shall extract a list of requirements, issues, measurement criteria, and sources. The
contractor shall provide input to the NIST-led FAB in order to develop a single clear mission
statement and criteria for evaluating the success of the framework strawman.

1.3 The contractor ,hall develop a list of enterprise processes, building a matrix showing
how each process contributes to mitigating the issues in achieving enterprise integration. The
contractor shall build a list of information classes for each process. Tile contractor -,hall develop a
glossary of enterprise integration terminology to submit to the FAB and assist in the development
of a singie, consistent glossary to be finalized by the FAB.

1.4 The contractor shall participate as authorized by the AFP.MO in government led and
sponsored discussions with national and international organizations such as ESPRIT.

1.5 The contractor shall evaluate the ESPRIT CIM OSA work and any other relevant
initiatives identified in subtask 1.2, and make recommendations on (a) usingz CI., GOSA terms and
definitions in the framework and in the enter-prise integration glossary. (b) extensions to CIM
OSA reference architecture needed to address the issues identified in subtask 1.2, and (c) using the
extended CIM' OSA reference architecture to populate the framework processes in task 2.

1.6 Using the results of the previous subtask, the contractor shall develop an I-IF
development plan for defininz a strawman framework interms of requirements, issues. entcrpris'e
processes, and information types in task 2.

1.7 The contractor shall present the results of task I and the EIF development pLin ,it
government sponsored workshop. Formal approval of the plan shall be provided hy the .\HINIO.)
prior to the execution of task 2.

f'lt.;,"k 2:. Development of a Strawman ElF

2. 1 The contractor shall develop a strawman framework tor enterprise integration based
upon open systems concepts and national and international standards. The eontract&r Shall update
the uflossarv and submit it to the AFPMO to he finalized by the FAB.

2.2 The contractor shall provide a report analyzing the potential impact of an approved
framework on current programs. Recommendations on the methods of wsi n e the franincork InI
these programs and anticipated benefits as well as negative impacts shall be described. lhc
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example matrix of subtask 1.3 shall be employed, showing how detailed process elements in these

candidate programs map to the strawman. The following programs shall be considered:

Product Data Exchange using STEP (PDES)

DARPA Initiative in Concurrent Engineering (DICE)

Microelectronics Manufacturing Science and Technology (MMST)

Integrated Composite Center (ICC)

Integrated Design Support (IDS)

Advanced Cost Management Systems (ACMS)

Automated Airframe Assembly Program (AAAP)

any other suggested program(s)

23 The contractor shall produce and deliver a final Strawman ElF which shall be prepared
in contractor formats. The contractor shall present the strawman framework at an end of task
briefing to the AFPMO and their cosponsors and selected audiences specified by the FAB and
conveyed in writing by the AFPMO. The contractor shall clearly identify all open issueS 11nd
alternatives. The contractor shall present and deliver the results of this effort to the AFPMO via the
Prime Contractor for continued evaluation and use.
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MODELLING AND ANALYSIS
OF ENTERPRISE INFORMATION SYSTEMS WITH CIM-OSA

F. Vernadat
INRIA-Lorraine. France
and AMICE Consortium

INTRODUCTION

Enterprise modelling and analysis methods and tools to support system design
and to prepare system implementation according to system requirements are
definitively required for the implementation of CIM systems. Also required to
achieve full system integration is an integrating infra-structure, i.e. a soft-
ware layer implemented on-top of heterogeneous operating systems, which
can provide a common shared platform on which diversified system compo-
nents (i.e. information technology components, manufacturing technology
components and human operators) can be interfaced and through which
they can communicate.

The AMICE Consortium, which groups 21 major European companies in a
common ESPRIT effort, is developing CIM-OSA, an Open Systems Architecture
for CIM, to address these requirements. CIM-OSA is made of a Reference Ar-
chitecture for modelling the Particular Architecture of a given enterprise
(or part of it) and of an Integrating Infra-Structure (IIS), which is a set of
basic services used to achieve systems integration and communication built
on-top of PSI-based communications facilities. CIM-OSA advantages and basic
principles (Beeckman, 1989), 'the CIM-OSA modelling framework (Jorysz and
Vernadat, 1990a, 1990b) and the CIM-OSA Integrating Infra-Structure
(Klittich, 1990) have already been discussed in previous papers.

The Modelling Framework developed in CIM-OSA is based on three or-
thogonal modelling principles (Figure 1):

- the instantiation process based on the recognition of
* Generic Building Blocks or basic constructs
* Partial Models

" Particular Models
- the derivation process consisting of

* a Requirements- Definition Modelling Level
* a Design Specification Modelling Level
" an Implementation Description Modelling Level

- the generation process involving four modelling views:
* the Function View
* the Information View
* the Resource View
* the Organisation View

Particular Models are models of a particular enterprise. They can be
built from previously defined, incompletely instantiated, Partial Models
stored in the CIM-OSA Reference Architecture and developed for well-defined
industrial sectors. Partial and Particular Models are specified in terms of ba-
sic Building Blocks, also called modelling constructs.

At the Requirements Definition Modelling Level a user-specified model
of the enterprise is built which defines WHAT has to be done in terms of
business requirements. At the Design Specification Modelling Level consis-
tent and non ambiguous models are developed for the four Modelling Views.

A-2



They represent possible solutions to the enterprise problems and the types of
components required. Design criteria, system requirements and simulation
are used to determine the "best" solution. At the Implementation Description
Modelling Level an executable model is produced which indicates HOW things
will be performed on implemented components to fulfil system requirements.

The CIM-OSA Function View is a modelling standpoint which allows the
specification, design, analysis and implementation description of the struc-
ture, behaviour and functionality of the CIM enterprise functions.

The CIM-OSA Information View is another modelling standpoint which
allows the specification, design, analysis and implementation description of
the information aspects of the CIM enterprise.

The CIM-OSA Resource View and Organisation View are respectively
concern-, with physical components and individual responsibilities.

In this paper, we discuss how to model the information system of an en-
terprise according to CIM-OSA principles. However, since the analysis of the
Function View of a given enterprise is a prerequisite to the analysis of its In-
formation View, we first present concepts of the CIM-OSA Function View.

Geneic Partial Parlicular
Generation s a ti n Ion  rgan

i
sat

i
°,n~t~n,.,,o° / view /A v,. / view

InstantiationViwlo
K--.---'-----4 / Resource Resourc e "ucL R e s o u rc e v i w /V e w

. .orm tn formatioh n / formation nformaon

Derivation V Vv
rFunction or Function /Function Function /

f/ view "view / View

Generic Partial ParticularRequirements Definition Requirements Requirements Requirements

iepement Deve lion Definition Definition Definiion
Modelling Level Building Models Modelse IKks

Generic Partial ParticularOes~n Design Design/

Design Specification Spcificaction Specification Specification
moelling Level Buding Modeor Mowls aBlocks/

Generic Partial Particular/

I mplementation Implemena ison Implementation t
implementation D esc ption Description oescrietion tescpdrion
Moeelrng Level Building Msets Models

Reference Particular

Architecture Architecture

Figure 1: CIM-OSA Modelling Framework (known as the CIM-OSA Cube)

CIM-OSA FUNCTION VIEW

The purpose of the CIM-OSA Function View is to provide tools and methods to
support the development of that part of the enterprise model describing sys-
tem functional structure, functionality and behaviour. It concerns modelling

and analysis of enterprise functions. It is based on the functional decomposi-
tion principle and largely extends previous techniques such as SADT (Ross.
1977), IDEFO (Bravoco and Yadav 1985a, 1985b) and the like.
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Basic Concepts

In CIM-OSA, any enterprise can be decomposed into a number of Domains, i.e.
non-overlapping subsets of the enterprise realising functions of the enter-
prise in terms of processes (e.g. product engineering, manufacturing, pro-
duction planning and control, etc.). A Domain must never be confused with
an enterprise department, which means that CIM-OSA banishes the tradi-
tional Taylorism approach to enterprise decomposition which has led in the
past to the creation of many so-called islands of automation.

A CIM-OSA Domain is the part of the enterprise which will be the focus
of a CIM-OSA analysis (it defines the universe of discourse of the analysis). It
is made of a set of Domain Processes, each one contributing to the realisation
of some enterprise objectives under a given set of enterprise constraints,
respectively known as Domain Objectives and Domain Constraints. The scope
of each Domain is clearly identified by its set of Domain Relationships
(defining the Domain Boundary) described in terms of Object Classes received
from or sent to other Domains. Object Classes are families of enterprise objects
created, processed or used by Domains. A Domain Relationship is always de-
fined between two Domains, which are said to be adjacent.

Domain Processes are high-level constructs used to represent the major
tasks to be performed in a Domain. They are composed of Business Processes
and Enterprise Activities, which respectively describe the Domain behaviour
(i.e. the dynamic part of the model) and the Domain functionality (i.e. the
static part of the model). Domain Processes and Business Processes are trig-
gered by Enterprise Events which represent external happenings (arrival of
a customer order), human orders (decision to start a task) or timed actions (a
process is started each day at 5:00 pm) occurring in the enterprise.

Domain Processes, Business Processes and Enterprise Activities (which
appear in the Particular Model of the enterprise, i.e. the right-hand slice of
the CIM-OSA cube) and their types (i.e. Partial Models) are described in terms
of a unified modelling construct called Enterprise Function (which belongs to
the CIM-OSA Building Blocks,-i.e. the left-hand slice of the cube). The Enter-
prise Function construct (Figure 2) is used to describe each enterprise pro-
cess, task, subtask, and so-on to a level of decomposition satisfactory to model
and control the CIM system operations. Thus, this modelling construct can
keep track of the enterprise functional decomposition (structure part) as well
as the enterprise Objectives and Constraints decomposition (which drives the
functional decomposition process). It also allows to record Declarative Rules
of the task (i.e. combinations of objectives and constraints linked by condi-
tions which might influence the task execution), Procedural Rules (which
describe the behaviour of the task, i.e. how low-level tasks are used to
perform that task), Events (which trigger the execution of the task),
Required Capabilities (which define a set of technical limitations on the
operational, functional and performance capabilities of the task), and Inputs
and Outputs (namely function, control and resource inputs and outputs).

Enterprise Activities (Figure 3) describe the functionality of basic tasks
which can be performed in various enterprises (such as move, make, verify
and control) and tailored to specific business requirements (such as pro-
curements, metal cutting or shipping and receiving activities). Their inputs,
outputs and resources are well identified as views of Enterprise Objects (see
Information View). They operate according to control inputs, and report
about their status as control outputs, in order to transform function inputs
into function outputs using resources. They are further described in the
enterprise implementation model in terms of Functional Operations, i.e.
elementary sub-tasks which can be executed via the Integrating Infra-
Structure by the enterprise components, called Functional Entities.
Functional Entities arc active elements which can perform a defined set of
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Functional- -Operations. CIM-OSA recognises data storage, application,
machine, human and communication Functional Entities and Operations.

Business Processes (Figure 4) are used to describe the way Enterprise

Activities are grouped into processes and how activities and processes are

procedurally chained to form larger processes (such as design processes,

production planning processes, manufacturing processes, etc.) to realise sub-

objectives of larger enterprise objectives of a complete Domain Process.
The distinction between the concepts of Business - Process and Enterprise

Activity is considered as very important in CIM-OSA since it is assumed that

what makes enterprises different from one another is the way they use En-

terprise Activities to form Business Processes (this represents their know-

how). Enterprise Activities (such as operation scheduling, FEM analysis, as-

sembly activities, robot welding, etc.) are usually performed the same way by

two competing enterprises and are subject to standardisation for a well-iden-

tified industrial sector while Business Processes are not necessarily standard.

ENTERPRISE FUNCTION
Functionality Behaviour

Objectives Objectives

Constraints Constraints

Declarative Rules Declarative:RulesZ

Required Capabilities Procedural Rules

Inputs *Events

[Outputs Ending Statuses

Structure

W here Used Struct e Comprises 1

Figure 2: Enterprise Function Concept

Control Control Declarative
Input Ou put Rules

Ending

Funtio Fncton Event Businessf Statuses

Input : Task Output Process

Resource Resource
Input Output

Figure 3: Enterprise Activity Diagram Figure 4: Business Process Diagram
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-Example: Manufacturing Workshop Activity Control

Manufacturing workshop activity control can be considered as a Domain as
defined in the COSIMA Project (Trentin, 1990), another ESPRIT Project. This
includes functions such as:

-. Order Scheduling to schedule production activities on the shop floor on
the basis of planned orders generated by an MRP system and to comply
with due dates, priorities, availability of resources, etc.
- Order Dispatching to send real time instructions to moving and pro-
ducing machines according to the detailed schedule produced by the
scheduler.
- Producer Activity Control which controls specific types of production
equipment of the workshop such as CNC machines, machine centres,
robots and manual operations through standard protocols. It also sends
status and performance data to Activity Monitoring.
- Mover Activity Control which controls workshop transport devices
such as carousels, handling robots, automated-guided vehicles (AGVs)
and manual handling operations. It also sends status and performance
data to Activity Monitoring.
- Activity Monitoring is the feedback function. It collects real time data
on equipment utilisation, materials, stock status and quality manage-
ment and reports back to the order scheduler and order dispatcher or to
the workshop controller.

As an example, let us assume that the CIM-OSA Domain is a FMS producing

turbine blades with complex sculptured surface for gaz turbine:

Domain: Workshop Activity Control

Domain Objectives:
- to produce turbine blades, made of aluminum (max. weight 1.0 Kg, max.
length 1.0 m)
- to keep low work-in-process inventories
- to meet customer due dates
- to minimise lead times

Domain Constraints:
- to maintain inventory level <= $ 300 000
- to work with no more than two shifts
- cost limit (budget <= $ 700 000)

Domain Processes:
Activ.ity Planning
Activity Control
Activity Monitoring

Object Classes:
- (1) Planned Orders - (8) Process Plans
- (2) Parts - (9) Materials
- (3) Workpieces - (10) Tools
- (4) Machines - (11) Order Status
- (5) Toolsets - (12) Performance Reports
- (6) Batches - (13) Time Reports
- (7) Operators - (14) Machine Instructions

Domain Relationships:
R1, R2, R3, R4.

They are described by the diagram of Figure 5 showing the object class
exchanges between adjacent Domains (Domains are depicted by squared boxes
with their name inside).

A-0



Product
EngineeringR2 R3

(MRP) (11) Control 4)

Figure 5: Domain Relationships

For this example, Domain Processes can be further decomposed into Business
Processes and Enterprise Activities as follows:

DPI: Activity Planning ,-DP2: Activity Monitoring
BP11: Order Scheduling EA201: Collect Data

EAll11: Plan Capacity EA202: Report to Dispatcher
EAll12: Allocate Operations EA203: Report to Scheduler
EAll3: Schedule Operations EA204: Report to User

BP12: Order Dispatching

EA121: Analyse Schedule DP3: Activity Control
EA122: Dispatch Producer EA301: Control Producer

Operations Operations
EA123: Dispatch Mover EA302: Control Mover

O pe ratDions Operations

All these Domain components are described in more details in CIM-OSA by
means of templates. As an example, the Domain Process template is given for
the Activity Planning process.

DOMAIN PROCESS
Identifier: DPi
Name: Activity Planning

A. Functional Description
Objectives: Oil: to prepare the detailed schedule for daily

workshop operations
o2: to produce instructions for mover and producer

components
Constraints: CII: Use scheduling program ABC

C12: No sub-contracted operations allowed

A- 7 Domaicomonensardesribeinoreetaisin_______b



C13: Produce with two working shifts
Declarative Rules: D1I: scheduling for second shift must reschedule

unfinished operations resulting from first shift
Tasks: - schedule detailed orders

- dispatch detailed orders
Required Capabilities:

RC 1: must be able to schedule up to 200 operations on
60 machines in less than 15 minutes

Inputs
Function Input: Planned Orders, Process Plans, Standard Times
Control Input: Scheduling policy
Resource Input: Scheduling program ABC

Outputs
Function Output: Detailed Schedule, Mover Instructions, Producer

Instructions
Control Output: Activity Planning status
Resource Output: Nil

B. Behaviour Description
Objectives: 013: schedule and dispatch detailed production orders
Constraints C14: Order scheduling precedes order dispatching
Declarative Rules: Nil
Procedural Rules:
No. Wait For Ending Status Tri2ger
1. START Order Scheduling

Scheduling Request

2. Order done Order Dispatching
Scheduling

3. Order abandon Order Scheduling
Dispatching

done FINISH
Events: EVI: Scheduling Request

C. Structure Description
Where Used: DI: Workshop Activity Control Domain
Comprises: BPlI" Order Scheduling

BP12: Order Dispatching

CIM-OSA makes use of six types of Procedural Rules to control the behaviour
of enterprise processes. They include:

- Forced rule: control is passed to next task irrespective of the ending
status value of the finishing task
- Go/NoGo rule: is a IF THEN conditional statement
- Conditional rule: control is passed to a subsequent task selected from a
set of possible tasks according to the value of the ending status of the
finishing task
- Spawning rule: allows for parallel execution of several tasks
- Rendezvous rule: control is passed to next task when all preceding tasks
are finished
- Loop rule: allows for iterative execution of some task(s)
The flow of control (Procedural Rules) or the flow of information and

materials (inputs and outputs) of Enterprise Functions can be illustrated
using symbols of Figures 3 and 4. Figures 6 a) and b) illustrate the behaviour
(i.e. the set of Procedural Rules) of Domain Process DPI (Activity Planning)
and Business Process BPI2 (Order Dispatching). Figure 7 illustrates the flow of
information for BPI2.
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Nota: Domains must not be regarded as "islands of automation" since (1)
Domain Relationships (i.e. Domain interactions) are clearly established and
specified, (2) Domains must contain entire Business Processes, and (3) CIM-
OSA provides the necessary integrating infra-structure to support informa-
tion exchange between the various enterprise Domains.

CIM-OSA INFORMATION VIEW

The purpose of the CIM-OSA Information View is to provide tools and methods
to support the development of the information model of the Domains anal-
ysed. It makes use of three modelling paradigms, one for each modelling
level. At the Requirements Definition Modelling Level, a semantic object-ori-
ented modelling approach is used. At the Design Specification Modelling
Level, an extended entity-relationship approach is used which is based on the
M* methodology (Vernadat et al., 1989). At the Implementation Description
Modelling Level conventional data modelling techniques are used. The global
modelling framework is compliant with the three-schema approach proposed
by ANSI (ANSIIX3/SPARC, 1976), which advocates for the use of a global con-
ceptual schema implemented in terms of an internal schema and presented to
system users via external schemata.

Basic Concepts

At the Requirements Definition Modelling Level, enterprise requirements are
decribed in terms of Enterprise Objects and Object Views. In fact, what users
use and manipulate in their day-to-day operations are Object Views rather
than true Enterprise Objects, i.e. a description of a particular aspect of an
Enterprise Object. Furthermore, we assume that inputs and outputs of any
kind of Enterprise Functions are Object Views only. Therefore, analysis of the
enterprise information system must start with functional analysis to identify
all enterprise object views and then to derive the structure of enterprise ob-
jects. Both Enterprise Objects and Object Views are defined in terms of their
Information Elements, i.e. any items of information which, for the purpose
they are being used, are indivisible and which are characterised by a type
(simple or complex data type). Any kind of Integrity Rules can be defined on
values of Information Elements to describe existence, conformity or validity
constraints. Enterprise Objects are connected to one another by means of Ob-
ject Relationships, i.e. user-defined links, or Object Abstraction Mechanisms,
i.e. natural semantic links. Four abstraction mechanisms are being used in
CIM-OSA (Peckam and Maryanski, 1986):

- Generalisation (or ISA link)
- Aggregation (or PARTOF link)
- Classification (or INSTANCEOF link)
- Association (or MEMBEROF link)
Graphically the model is a semantic network in which nodes are squared

boxes which represent Enterprise Objects and oriented arcs are Object Rela-
tionships. Object Abstraction Mechanisms are arcs labelled with G for gener-
alisation, Ag for aggregation, C for Classification and As for association.

At the Design Specification Modelling Level, a Conceptual Schema must
be defined as a consistent and non ambigous data structure representing
static and dynamic properties of data and information. The static part is de-
scribed in terms of an entity-relationship-attribute (ERA) model as defined in
the methodology M* (Vemadat et al., 1989). This formalism is based on the
concept of entities, relationships along with their cardinalities, attributes,
internal and external identifiers, and two abstraction hierarchies which are
special cases of the ISA link (Figure 8). The dynamic part is described by (1)
Database Transactions which are sets of operations to be executed on the
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database and considered as a whole, and (2) by Integrity Constraints which
are formal expressions of Integrity Rules in the ERA formalism. Furthermore,
External Schemata must be derived from the Conceptual Schema to describe
the Object Views in the ERA formalism or to specify detailed user views of the
data. CIM-OSA provides translation rules to convert the object-oriented model
into an ERA model. The ERA model can be fully formally described and used
for simulation purposes.

At the Implementation Description Modelling Level, an Internal Schema
of the information system must be described in an executable form. This is
achieved by a two-stage process. First, a Logical Data Model is produced. This
is a direct translation of the structure of the Conceptual Schema and its Ex-
ternal Schemata in ERA form into classical data model formalisms (relational,
hierarchical, network) (See Date, 1986). Next, a Physical Data Model is pro-
duced as the final form of the Internal Schema. It consists of an optimised
data structure of the information system with index definitions, user access
authorisations, partition definitions and integrity constraints specification,
all specified in the data definition languages of the implementation data stor-
age systems (such as relational database management systems).

Example

As mentioned earlier, function inputs and outputs of Enterprise Functions are
Object Views. For a given Domain, they have been identifie, during the
Function View analysis. They need to be specified in the Information View
and their underlying Enterprise Objects must be described. As an example, we
provide the description template for the Enterprise Object "Process Plan" and
for "Opeline", a sub-object of the Process Plan object.

ENTERPRISE OBJECT ENTERPRISE OBJECT
Identifier: EO-15 Identifier: EO-16
Name: Process Plan Name: Opeline
Description: Describes the sequence of Description: Describes one

operations to manufacture line of a Process
the part Plan

Abstraction Relationships: Abstraction Relationships:
Isa: Nil Isa: Nil
Partof: Part Description Partof: Process Plan
Memberof: Nil Memberof: Nil

Properties: Properties:
Partcode SequenceNumber
Designer OpeCode
CreationDate OpeDesignation
Version MachineType
Operations: Setof Opeline SetupTime

RunTime
Labour

All object properties are either Information Elements or Enterprise Objects or
a set of (Setof) Information Elements or Enterprise Objects. For example the
Information Element "OpeDesignation" can be described by:

INFORMATION ELEMENT
Name: OpeDesignation
Short Description: Abbreviated description of a manufacturing operation
Data Type: Character string [301
Related Objects: Operation. Opeline
Composed of: Operation name, operation instructions
Synonym: OpeDescr

A- 10



Object Views are incomplete object descriptions and are also defined in terms
of Information Elements. Object Views and Enterprise Objects are then trans-
formed into an entity-relationship-attribute model. Figure 9 gives an example
of such a model for workshop control. Simple Enterprise Objects (i.e. objects
only made of Information Elements) are usually directly converted into enti-
ties and Object Relationships into entity relationships. Complex objects need
to be converted into several entities and their links must be analysed care-
fully, resulting in the creation of extra relationships.

This model can then be translated into a relational model using CIM-OSA
rules for schema derivation to produce the Logical Data Model of the Internal
Schema. A short example of such a model follows for the schema of Figure 9.

Relational Logical Data Model:
Part (partid. type, status, location, material, process-plan-id, NC-program,

inspection-pgm)
Plan (process plan id. partid, alternate-plan-id, particularities, designer)
Operation (operationid, Opecode, type, designation)
PlanOpe (plan id. SeqNumber. Opeid) Mach_Ope (machineid. opeid)
ProducerOpe (Opeid. Machineid. Toolid, cut-type, setup-time, runtime,

labour, ratecode)
MoverOpe (Opeid. Machineid, movetype, from, to, quantity)
Tool (toolid, tool code, type, condition, location, tool_life)
Tooling (tool code toolmaterial, max-speed, min-speed, max-feed, minfeed,

maxdepth-ofcut, min-depth-of cut, average-toollife, tool-geometry)
Machine (machineid, type, condition, status, workhours)
Standard_Time (Opecode. partid. machineid, std-setup-time, std run-time,

std_labour)
Fixture (fixtureid, type, designation, condition, location)
FixturePart (fixtureid. partid)
PartFixture (partid, fixtureid, name, mounting-instructions)
Lot (lotid, partid, quantity, iiority, status, due-date, start date, finishdate)
Schedule (cellid. lotid, start_date, finish date, priority)

CONCLUSION

CIM-OSA is a modelling framework and an integrating infra-structure for
CIM environments. In this paper we have introduced the Function View and
the Information View of CIM-OSA using a manufacturing example. It is
believed in the AMICE Project that the CIM-OSA framework largely enhances
previous modelling approaches though the Resource and Organisation Views
are still being engineered. The concepts being provided by the modelling
framework need to be understood by the underlying CIM-OSA Integrating
Infra-Structure (IIS) so that the model can be executed. This issue is
currently receiving special attention in the project and demonstration
prototypes are under development. CIM-OSA is currently beingconsidered by
various standardisation bodies (national and international). Also, several
ESPRIT Projects are considering the use of CIM-OSA for modelling purposes.
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Preface

Thie UEnterprise Integration Eramework Study Task was performed by IBNI as a task under the Control D~ata
Corporation DAIPro Contract (9f1733600-97-C-0464) for the All- I orce Wrigh t Research lDcvelopmcnt
Center. Tlhe Rensselaer D~esign Research (,enter, at Rensselaer Polytechnic Institute, provided support ilnC
research under subcontract to IBM.

The objective Of thle EltE Study task was to define a national framework for filter and1( intra enter-prise ite-
gration based on:

" Open Systems.

" National and international standards.

T[he task was initiated in O)ctober of 1989 with a meeting Ii Brussels, Belgium wxithI participants fron theC
AM I1(T1 consortium in lurope and representatives from tile I nited States (government Iiid 1:11, St i dv par-
ticipants). The First phase (if thle study included a framework need-, ana~lysis, reiwof t le exist incu
CI1 -)SA and SI AM1 \llCH frameworks, and recommendation fo(r strawman defintionti~ Atle l
I :nterpirise Integration Framework Working Group was formed to review tilie results of tlie st umd% actl iit les.
assess tile national framework needs from an executive perspectivec, and make recoTnleiilldati~i1 o tecO
erment sponsor-, for follow-on actions. After an initial ElI ;W( review, a second phlase oif' tile st midv was1
init iated, including tihe Initiative positioning, scenario Ili vesticat Ioins, and tech iilo vy Irivestica t i( lls. IIIL w t ak
was comypleted in July of' IQ990 with a final workshop presentation at Da\tn t( m C ho. I lie W \k sIiop was
afttided byv interested Industry representatives.

T Ihis I1 II Stu dy Task IFinal Report provides a summary of the maj'or act ivities: pci formned and thle result incL
Findings. Ilie I:inial Report includes thle following sections:

Executive Siimmiarv: Concise review of background, tchlnical conisiderat in ., and c mnclusn iiis.

Techmnical Summary: Describes the approach and results of' the lF l tudv acl tivtes'.

Conclusions: A summary of thle technical findings and recommendationls.

Th[le following technical repoirts shouild he referenced for additional in fornat ion

F- X1X89- 22 I 11; Scenlario InivestivatiOn

ElF-~I8-23 [1I Repository Investigation

FIF--N189-24 I IFIinal Workshop Biriefingll

l(-I:.J(-843-051-106 IF \autional Initiative l'rourain P'os it oIIlIII!

In adldition tile hillowiriLc dociunctts Mviich descibe1 tieW \\IfI( T ( uipi lici Iiihet ed\ 1iuiita? i ic
)pen System Architect ure ((*I NI-C )S,\) arle recoiliieuidedl:

1.[SlR II Cons;orti ANII( teds. t: C )pcii vSytein Archicture for C I \l. Vol ,Rcsiclih Rc'poitt
I SPR I I Project 688.

2, .l\1-OSA Story Board, ([SIRII Consortiunn ANIICE, \'~cnue I omise 4,X), -Ali I loor. B1- 1160i
Brussels. Belgiu1m)

VI 0.1ki vt
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EXECUTIVE SUMMARY

Ihei Eniterprise Integration Framnework Study w.as conducted to defne, for niational consensus. a (lisciplitict

framework that would promote U. S industrial competitiveness through eitcrpnitsc integration. [here are

many\ projects, programs, and initiatives that have set out to build this type of' 1ramework. 'Ihel-rore. thle
study emphasized a strategy for Framework development by integration of existinig cflb(rts rather than iMole-

pendently creating a new one.

'I hie study included four major activities:

1. Developing [he Needs For A Framework

2. Positioning I xisting Initiatives

3. Evaluating IFramework Application

4. Investigating IFramework Surpportingz Iechnolozv

[ile need,, for a fratrncvork were devecloped fr-om a businIcss lnianigrgCmet arid~ 1-11hiuc~il -olliloletiles per-

spective. [here is a torrent of books and articles' which provide lists of'issties. dliai ses. and prescript i10iris

for solutions to the U .S. man ufacturing coin pet I tivencess. T hese solutions were s tun rnanlzed in to fi y;Cl o

which an enterprise intearation Framework must support. These are:

I* Continually strive for excellence in imeeting cuistomner dem-ands.

.RapidlY revise or introduce new products mid tchnitolol.y.

3. Vrniderstand and simplify every Function in the enterprise.

4. 1)vnarnicallv mran age thle processes in the eniterprise.

5. Manage an explosion of data, 'Information, and knowledge.

To) support the development of' a general framework, these resulting actions inust be descipt r11 e and rnot

specifically prescriptive. Also, the 1I 11 Study focused onl thle technical aspects of itegration fiur these act iOll'.

although it is recognized that the cultural aspects aire at least as important. F inailly, a complete entertprise

integration framework requires a stru cture and methodology thiat supports thle aic'irate description () :ill

aspects of tile enterprise. and Is supported by ain open, hecterogenecous, in tcLratdl cm i roninitt

[lie A NIl( (1 M%-( )S/ framework was accepted ais thle most eonicpiiallx coile oftfilie existirie-.

ic~cdMNatives. It is imnporkit ha n t i (I \-( )S\ is; beltig devehpl %; clsrill (tkoill

rules that Include rnarruufi~cturinu (risers), itilOrrinatiori teeliruoloev,, aid sytm ireriIoi il s. \koi. (,ile.

rck-recew wsed f'or (M()SA was the I K. S. Air Force Iriteertetd ( ortiplite1 Aitoiuated %Iariillic if ill,_,

Ml *A ') pror.Lyn

I ligure I oil pav.e 2 sirnirnaiies thle I I i; priniciples that Allow lirrdustr to 10ti1.~ul strive or exe L~'

aMid becomeV a muperstar n a wvorld-wide rnvikeJAtpl . I lirollelili rise 11S 0 e1 ere \rIodels.eirpi

mniodelline. thle Bu1sinelcscitv I anluiratze I )esriti\ e I alienag anI ueliclodl'eN. ;illeiep rc .r

ititute0 3r continuou01s c\('L' t10 llt ari l;id iriiprOVe thle entrprise tinrut ruris I xecitlaic irirutleI .ilmk

s1ilulation so thecse imnprovents- C:a11 be introduiced rapidly' while rctieir Mirutctice to thre etpi'llek

Operations, lihe Integrating Infr'iastrticture (iISt allows thle etlerprise ti 1 rar1:ilv mlr;uee its operl;rtirrru

through enuhaniced internal and e-xternial cotinnuuuicaitilus :mid d~uiatrilk iui;uwilgciierit oif erterpriseretu ics

I arie volumes of data are described inl thle miodetls ;ind tinanaed through tire hIS ,erviccs arid ,lnahd pirihi.

ens in a transparrenut inamniier.



Continually
Strive For
Excellence\

Manage TheRail
Explosion of - Reference Models TIntolocy

Data On- deinngholg

tigar I C~i~re~ Atins ntgrite tv -retodoog

Iiejntz~~~~~~~ IntIeseIa rorm.[egrastl)ingz Ifalstruncturdefmet~ iw.rmm rmte

ares f veaieifal Doga namreicgate.ll rty ( Undierstandita \C eereiwd.Ii

Viyiore 1.pptnityd ton infle tepdin dFaewonseirkiosadpont Ifn g ope~t\emtr

[he ;ppiationg of r~im frameworkc, pr ninlesuepc(l i I ieurlS Inws umaetinr:oumgimt cartrio s Amuvet
ains. ;ihe Scenariby iivesiuti ogris. ere nomtedionll arder t'o filfdetf s-II(tawC ICWa HrAml\ RI1if deOR-

strate timeaclmtionm umf raeor oneps depict i he beeft prnv"CISiLd Ifi1 k,, t (ic reC\tk iVid. iitf the
tpecscnl oermienift. lrgrm, Sceoimt Iivestiiut (i uit iieides a hgrih ll tmmmihmc~ l( 1 ()~

(il f et amord imi clle robfs examniipl ) th e plhc mIthe o 1 to phthe miof (;liltg re'jum Ime es lo (1 i-( to

Ial.I lie Scenario nvesitittiiu itilk lumhs WV Ititerpuise mitegratIfm tu~op *\ppnlk titmwwa f(aI: xok hR\.tIc iemon-

strafes how thle framinework conceptS CAnI le upphietl tti11 aim eterprilse life cycle.. \ko, a llle kc\che nimmetiuthu,\
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for the creation of the associated models and enterprise plans is described. The scenario investigations
showed:

. Although thle CIM-OSA work is the most comprehensive, the suipport environment (mnodelling tcch-
niques and tools) for thle life cycle methodology are inconiplcte.

. Reference Models and standard protocols must be (developed to build[ inter arid iritra entcrprise inte-
gration opportunities.

- The realizable benefits resulting from modeling are limited since generally existing models, are riot execuit-
able.

[he Technology Investigations included modeling evaluations conducted by R N1 R l)RC arid the repositor\
investigation. The modeling evaluations included a samrple I .X]PR l-ESS (1 NI-( SA information model, imodk-
cling languages comparison id( an enterprise modeling evaluation. I lie modeling Indlicatedl that:

. Lniterprise rnodeis requiire a combination of process arid infornmation mnodels.

* Tlhc lIF model will be similar to developing an extremely large softwaire svstem, arid except for S I ITP.
thiere is a limited experience base.

. Ani "lE1 system architect" will be essential to affect a solution.

The repository Investigation identified thirteen (13) object-managers that are required to provide a d\ narnie
information management system. These managers can be defined to be compatible with the (INI-( )S. Irite-
grated Infrastructure requirements. [he repository report identtified:

" Art open system requires a self-definin,, and extenidable architecture.

" Ani object-oriented approach could implement this open systems capabilI v-

The four major activities described above providled technical definition for a disciplined framnework for enter-
prise integration. Anr enterprise framework r-eqi ires national consensus and inupleintntatiotis to realize
increased U S industrial comnpetitivenless,.

An ElF Working Group was formed to review thle results of the study contract activities, assess thle national
framework needs from an executive perspective, and make recommendations, to the i-loverriment sponsors for
follow-on actions. The lIE Working Group was comprised of industry, govermirnerit and university repre-
sentatives. T[he working groutp reviewed preliminary technical findings at threer mneetimres (I1 90. 4 90 ;11rid
5/90). Fecedback from tilie 1:11: Work jim ( romtip was reflected Ii tile s!!ulv acltivitie.

IFinidv, the IF study was directed toward (lfitirit a strawmnlall framnework wCih COUld IV h'IrItlCIrdevelopejd
hrom tell natiomial corisenst ts. A\ st rawrnan ba;sed I tpon ( dI- SAwsdilmitd by OW lie earit id repo~'ifot

IrivcStieatiolis. Recommendations for Further developme lt'lt 1oneh tatioil consenisus mec provided In i1ii',
final1 report.

A cotisisternt observation expcrieticed 1)y thle stuldied iitliative's wkas that1 C0ImtnitneI co e is tSslow titn.

time consiinti process. It repiires commtitment toward a cominon Loail. Ilotnienit of stilliciet ile tokh
Incorporate diverse per-spectives ainl objectives: plts It tuhi1st providCl a III(.( rilsi fOr stablilty :mIdI( -onitrol.
A\dditionally, thle I fttrprise- ltiteration i ranework reOprents ;t very ('I IilX 01tef of111M culturl pcts Alld

technical ViewVpoints whichI -omplicateC tile consensus process.

IThe followingz recommendIations rest it~l from tilie IIj: St ndY Acivities:

-1 i Inplcternt a eonomio arciteucture startirng wihi tIme ( *INI-( )SA\ ditiitIiori. Inicorpomate CXtSItnie ;itid
fture IDu,) Initiatives Ii refiirie, extemiditie. amid v:1mlidatirug thle I\. S eiito

2. As a lest C ase, develop a cotnirioti I oI) l'rocumrernent Process deIscrI iption utiiii.etndmete1:11;
Roadruap amnd Mecthodology In A conIsensIus emivirmimirnit [ lie piltrpost, is to providle a model for muter
eiterprise iriftegratioui betweeni the (oerim'(111iiet mnd I fCmuse- lnldfmttr
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3. Plan incremental introduction of FIF based on requirements and technology capabilities.

4. Validate thc feasibility of integrating existing information models into a CIM-OSA referene model and
define support tool requirements.

5. l)emonstrate resulting capabilities in selected lDoD industry sites.

6. l)efinc a U.S. designated interface to FESPR VI AM ICF. to define the joint deveclopment plans.

Adoption of the EJE principles means that I I.S. industry can do it better, less expensive, and faster. I'lhe
resulting benefits are shown in Figure 2. 'lhrough the Integrating Infrastructure the Chief I xcutivc ( )tlicer
((1 (.) can enhiance comnmun icat ions between his or her team Including businiess partners and suibcontrac-

tos.I'ie CFO can more efficiently manage the business byestablishing mectrics aind commIincatine the
along with customer demands, as objectives and constraints through an integrated plannin11g. developmnenlt
and operations environment. Ihle engineering teamn can reduce noni-value add Functions and rapidly itro-

(11ce new technologv and changes while lowering development costs and cycle tiies J:jitcrprise~ Operations
will become more efficient through dynamic management of resources. andI transparent data and conmnii-
cations management allowing improved performance with reduced operational and mainteniance costs. [hle

net result for the (TO is an integrated team that will Improve quality while reduIc~ie costs and cyclec timles.

Quality

/I DPE

Engineering Operations

" Traceability to Objectives e Improved Performance
and Constraints a Lower Maintenance Costs

" Rapid tntroduction of Now 9 Lower Operationat Coats
lbchnologyChmngeu

" Reduction of Non-Value
Add Functions

" Lower Development Costs
and Cycte Times

tntegrating Infrastructure
- Enhanced Communications
- EffIcent Management of Business Partners

and Subcontraotors

I ).igin( 2. 1 rane'work llcywfths Ili Api-sli.tion
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TECHNICAL SUMM ARY

BACKGROUND

The competitiveness of U.S. manufacturing is a fundamental clement of thle U.S. defense posture. iAdVanCCed
technology leadership and defense productivity are even more critical for sustainied systems capabilities In Mn
era of declining defense spending. TIhe issues; of I J.S. competitiveness arc an industry problem, jointly bell],,
addressed by industry, government, arid universities. Many existing programs, consortiurns, and lintiati VeS
have been formulated to address different aspects of the competitive prolemci. As a result. many si gi fican t
recommendations, technologies, and management approaches are evolving to suipport the improved comlpet-
itive position of U.S. Industry. I lowever, a single unified vision which inter-relates the various aspects and
solutions into a common, consistent, an(1 complete representation is not apparent. Many people :ilreal
recognize the need for cooperative development but without a unifying vision thle opportunities for cooper-
ation become less apparent.

This common neced was recognized by the Dl~o) CAL S policy office, WVrigzht Research and D~evelopmnent
('enter (WR 1W). anid the National Institute of Standards arid T'echnology who acted as the governmen"C~t
spons5ors for the T.IE program. An E~nterprise Integration Framework was postulated as ain approach to
define the requirements for inter arid intra enterprise integration in an open envirorinent. Ibhis fr-amework
would provide a common structural definition which could be used to fi-iilitate cooperation bectween iiit11-
atives and identify areas where further extensions are reqluired. [he IElF Study. contracts to (lefirie al
strawman Enterprise Integration IFramework were initiated by thle Manukacturinge I echntolozv I irect orate:
within \VRDC.

Iwo 1;l F study contracts were awarded to I13NM andi Northrop Aircraft Division. [hie study contracts repres-
enlted different perspectives onl thle EIE Study. [he lFlMI perspective was to establish a frameiwork (reference
systemn) from which the essential enterprise activities of (I1) business uriderstandinig arid simplificatlonl. (2)
enterprise modeling, anid (3) information systm architecture would be consistently Formulated. [het( contrac-
tors and Air Force representatives conducted joint technical reviews on a quarterly basis. Biothi contractors
perspectives were supportable from a common underlying framework.

Additionally, an 1li , 1; orking Group was formulated to rev!iew thle s tiidy contraictor res ults arid make rec-
onmnrdations to thle I-1E igovernmerit sponsors. [h l ElW( Iincluded representatives from Andersonl ('oni-
suiting, hoeing Comnrercial Airplane Co., lDeere & Co., I igil ial I I~piiptnnnt Corporat ion. IS PR I I
Consortium AMIC(1, G erieral Motors (I 1)), Industrial [echinology Inst it nite. Initernialionanl ir ns
Mlachines. Mc! orinell lDouglas Corp., Mlartin Marietta. MassaChiuset Is fIstitiltu of I -cli oogv. \ort to p.
Pyrnatulning Group, SE AN [I 1 I, South C aroliria Research \i thiorlit, WeSt inehouise I :lLctri(. ( ofp.. an
tile aovernment sponlsors.

[lie ,\ MIC FiNI-C pen Systems Architecture, an exisIlna cainididait framew:%ork . uiid ot her r;irnc\%onk like
pogasin lie US. wee v'drited Ii the first nise of thle stuidy. I lli.h~ tcli- mlt'l 011

nieeds for enterprise Integration.,Ian outlinec of the requirmnits for aI fIanMiewok. mund the fon miiLitioi I'm :I
plan for defining a strawrnr framiework. A strawrnan 1:1IF was dCVChpeLd Arnd th11 isin iniiti1rtivcs posi-
tioned veains' hlat strawnani.

In phase two thle focus of' thle 1 111 Study was on the integrat ion fecchriolo..y Issues. A Itholulh isNIsi Icicli as
cultural, economic, and policy are significant to rnmatni igiy compeltit\VIVnS. tL !!Itegr:ItI0ii fiiniieWOrk
providles the basis for an Iformnat ionr system representamtion of tilie enter-prise, hitiurNes nirl;W1aceitlit. ims~.I
arid other issues that are addressable through thle capabliliis provided by anl itegrallti firnewwork. 1lie
framnework beni1ts cannoIIt be fullly lize uiiiild componets, especNill refeVrence mo1dels, of t1 lie fmaiuc1x ok
aire developed.
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The study activities initiated with a U.S./AMICE three day meeting in Brussels to review CIM-OSA and
obtain documentation. The U.S. group consisted of representatives from tile National Institute of Standards
and 'technology, the Manufacturing Technology Integration Technology I)ivision, the Computer-aided
Acquisition and Logistics Support (CAILS) office, and the FIF contractors' representatives. The main objec-
tives of the AMICE project are:

" to enable fast, economic utilization of advanced technologies in industry.

* to ensure long range, evolutionary CIM implementation and growth

" to enable and support independent development of CINI building blocks.

CIM-OSA is an emerging standard in the Furopean Economic Community and is under consideration in the
International Standards Organization. The conceptual work has been completed, but significant spccifica-
tion, development, and validation work is still required. Since CIM-OSA is being considercd as ;i interna-
tional standard, the U.S. needs to validate that CIM-OSA satisfies L'.S. entcrprise requirements. Whether
this includes U.S. cooperation with the AMICIE must be decided. 'I he 1I11: Studtv suggcsts that coopcramtit U

is required, and this is reflected in the recommendations.

The lIF Study completed with an end of contract workshop in Daylon. ()hio. Presentations wcrc provided
by the study contractors and Air Force participants. A strawman 1IF11: based oil ('IM-()S,\ was presented.
the findings from the study activities were summarized, and the recommendations were rcviewed. An I If:
Workshop Presentation report which includes the chart. and the associated script was prepared, and provides
a comprehensive review of the FIF Study results.

The following paragraphs summarize specific aspects of the :IF study actilitit's.

PROBLEM STATEMENT I OBJECTIVES /SCOPE

The Fnterprise Integration Framework (FIF) task was an effort to define and develop for national consensus
a disciplined approach or framework that will promote US industrial competitiveness through enterprise Ink-
gration.

America's manufacturing competitiveness has been the subject o1 a torrent of books and articlcs. [hC lists o1f
issues, diagnoses, and prescriptions are many. The list of issues might include t hat I "S industrie's utt: 1owCr
product cost, improve quality, reduce inventor,, shorten lead times, intcrate la. antd t lhese on : contin-
uing basis. Of course, each of these issues generates its own list of isue. dialgnoses, and prescriplioll,.

I lhese were summarized into five categories. ITo remain in or reg:in a1 compctiltivc position, ; ii ndl stric's
must:

1. C)NlIN I Al IN strive for l'X( *FI I F N(' in nictivmg cusltoner demands. %khile kepine tlte tstorti'r
view tof le requireinents ill balance with mIanageent t's view (it thIte e rpri,;e S lisilon . prdttict, pr c-

Cscs. anMd operating enviroumnctit (internal and external),

2. RAI'l)I Y revise or introduce new products and RA\I1)I Y intoduce new techncologiues into to l plo-
ducts and processes witlhou significant impact to tle operation of' the e-ntrprise.

3U I NI)I'RSTANI) and IPNIR()VI every fumction in the enterprise, through attent ion to dctail and
encouragement of change.

4. DYNAMI(AI .IY MANA(6: ille on-goin! set of ITRO(IS"IS that are requ ired to operate the enter-
prise and accomplish the actions needed to achieve a competitivt" position.

. IA\NA( I an explosion of I)A I'A, represcnting data, intormation, anid kit\% ledge whIch describc t lh
internal and e tcrnal enterprise environmnctils.
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TIhese actions are applicable not only to a specific enterprise (intra enterprise), but also must be managed in
a worldwide competitive context including the activities of customers, suppliers, and tradfing partners (iter
enterprise). [his is particularly true Ii the lDol) industry, where partnership de-Velopment of' major wecaponi
systems is a requirement. Inter enterprise integration requircs the Implementation of' (Information) tech-
nology that enables not only the electronic integration and exchange of data w ithin the enterprise, huit als o
enahle-, on a global scalc the sharing of knowledge (meaning, context, purpose. etc.) regarding thle data.
Examples would include thle SlIP and El)! standlards currently Ii development.

Tll! IPROBI .1 M IIA]' NI UST BE A NSIFRI ) IS I IO W TOI I)::1NI, POPI " IF. A\ND I SEF
TIlI RAMEMOR K IFOR E-'NTER PR Z151I. I N'I1(;IZRA'I( ) N?' Ihis quiestioni leads5 to.

1. TH E 1)1 ' INlIION OU1'.IS ERANMW( R K. Is it a inethod by which hiisiness goals and b1jecctis es
at all enterprise levels arc defined, connected, etc.. is it aI structure Ii which ideais are pulled together to
create something, or is It an architecture (as detined by the information systenms developersi. or V; It :ill o)f
the above?

2. THF BOUNDARY DI-:INIllON OF T.lE, IRAMIWORK, I hat is, fOr thle industrial enterprise.
what are thle major highest-level object-, that are needed to (lescribe the enterprise'

31. jTl NEXT lE'Vil, ) lOF l:AII lIA] is NITDFDI F) 1.1 R I I R IDill\l I1 I lHfM)t \D)\
RIFES. What are thle major itemis that are needed to defi ne thIe liheSt -level oihjeet,.

4. TI IF RU! ES, PROCEDUREIS. 61:111:1.1NIS. SIANDA),RDS). etc. 1I1 IAF A RI \ITI 1) 1
(AJIDE TH I" OI ILATION 0O: I1 IEl: RA \LOR K.

5. SO1LUTIONS TH A] MlI T AIDlRFSS S( MIF Of I 11 ( () N P I III I 51551 S I I 1111 I
SPECIEIC FOCUS Is SC)! IA IONS lI IA F RH A\ II OD I) A .1\ I I (;IRA IP)\ )

As we ad dress thle objective to establish a reference en~trprise intorzrationl f'ramewc ork, we 11oust keep to'clis rrt
tile broad goal of establishing the capability to design, develop. iteera tc. anid dep1-loy% sy1eu 1 ari ; 1 1~pliC:
tions that support the understanding, objectives. dIcfinition, and operaion oftlire eterL.prise ill :in en '.iri-

nient that supports electronic exchange of data, is physically dlist ribited. and lietenrmeericorils, a id cot i hines11
both legacy systemns and new technology systemns. [his implies the need for- a framewkork that roust" 'lipport

I ) A set of integrated models which clearly and concisely def-Ine the relationships of objects \xi in anid
shared between enterprises. (2) A\ means to describe thle current enterprise opura~tinal ensiroimnerit . thre
desired operational environment, ;land file incremnttal evolmttion mi ittion pat Ii. 1 1) I he vanet s i1i 1s d
methods that will be needed to implemnent tile requilred systir is and aIpplications.- t4 \ nmn to 5 eitsti
any dlecisions.

[Ihle implications are that tis Irmesork will help 1111il a coripeititise etrrtini' tr rrorilitr nil linder-

standing of thle buisiness, builld a baiss for mianracInre contiririail irniproseincrit. eri.rhle re:1l-tirire, idaptatron(1
(chaniget, decouiple business process chanues from ss\ Atiin produict de'.elopoerut . arnd irteeraie data11 %%11111

(across) enterprises. Thre scope ofI the frairrework \%s rconiririerded to heC de11'cnipri e1)(1 hiediprrloch

prescriptive soliitions for specific enepie.industry mernrrs or the urtiti e ),11i od 1", pro,-

v.ided.

'Ilie key 1:; to recognize that people ;ire addressinlu tile problem, ittey;efoisdodfcent IWs A'' of1 "1 11
eniterprise or onl speclie soluitions to i.sues. 1111-;. our1 obj*c(tive bcomes" bit11ilille Ile top1 lest1 hairewril
that integrates tile appropriate existing frmewiorks aid solution1s. We r1i11"t develop01 W recru 11irrriid.rt ton t11 11.t

* will allow thre rmtliation and Iinprovenliit of tfis initeerated set Of f'li irresWrk-;. .rceeler-itc thre irphierrti;i-
tion (if soluitions that will improve criinpetitiVerlesS. anld provide fcusw to rese;;irh artid Imlohpritt.

* ~Ili summnary the frainewor k jurist Inicludte:

1. Structure Ii thre forrur of a conceptual decfifitionl (t011 hesel bouidairy aind I detaied dint111onl rirodeIL'I
Mid1( relationslripsj of obiects withfin the frarniework.

2. Nietlrods11 t1:at accou1t for tire life c\cc consideratis oif tie enterprise I hrese ricliiru l t kr ii ter cirter-
prise detrit ilioiri, thec les-Ircd enterrise h-firritin , ;111( tlie ntrrrj;rt1, rr1 ;1t hi
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3. Procedures and tools that allow for the development of a particular enterprise's structure and models, as
well as development oif specific problem solutions.

4. Methods and tools to verify/test decisions prior to their implementation.

5. An open, heterogeneous, integrated processing system which supports thle enterprise engineering and
operating environments of the enterprise.

In the future environment of integrated data sharing, this framework will promote the improved
comptitvenss f U inustiesonl ifits concept, methods, procedures, and tools are broadly accepted and

used by industry. [he competitive standing of each individual enterprise will he a function of how thle
framework is applied toward solving the specific issues of the global competitive marketplace.

EXISTING INITIATIVE POSITIONING

An initial review of the framework elements contained within thle AMII CI\I-( SA and SIMA I FC(II
('INI Architclture ConIcpts ( uiide was conducted concurrent with the requirements devclopnlient (' cc pre-
vious section). 'I his review cmneluded hoth Iinmt atives addressed the prohlcen t hrouaili structured descript iiin
of the enterprise (model) and ain open integrated systemr environment. Fithier existina conceptuall dlefinied
framework could he used as a starting point for a national consensus framework. An) iitial Selection ofl
(INI-OSA as a baseline resulted. [he basis for the selection of (IM-OS,\ was its approach tostdas
OS( ) status and structure ais (let imed inI the 'CINI-OSA " framnework. [hits sf ritei was r%eviewed at filie firs t
1-I:1 :\( . [Ihe IIN iSupported thle ('IN-OSA structure (framnework) as, aI startingL point and reque~Sted
that other prOgriuns be positioned agailnst it. I[lie primary qpiiestiois to le itwv InI thle positi01ltitWitm

doinains of the eterprise being~ considered, technology consKiered. aid the lex el of pr(~gratn definition (life
cycle position).

I13% and the Northrop/ l)ACOM teams initially performed independenit program posititointIz. Ihlese asess-
inenits were made through documentation rev-iew and (discussiotns with it iatil e participants. At thle Second
El EWG meeting an initial review of thle positioning was presenited. At the meceting tile decision %%as mnade to
joinily -omplete the initiative positioning.

An 1:11' National Initiative Posit ionini Report was published by l)A( ()I: this cointains tilie resultS o)(fithe

Joinit stuldy positioning. In thle report thle initiatives were positioned froml tilie fIojlin viewpoits:

*I hie types of uisers within :inld externail to thle enlterprise that tlie programlS ;ld~drCSSe(l.

I [lie product life cycle phases addressed.

*I hie eterprisec life eycle pliases addressed -

*I he variety of teclitnoloeics addresed.

I Ilie cnterpuise processes ajnd Mirnation aireas addresed.

I I lie current level of definition reaieto imnplemnlttation.

A total of tirtecen itiatives wereit rc mewedl. ('I \1-( )S,\ was identified as tile uiutl;Iti\c M . itch imcotpor;itedf
thle moost complete viewpolit of t lle enterprise ais aI sy.stem. I is re'.ilt w:is stihisequiMit11Y confirmed 1). the
Scetiario Invest ivat iofi. I'lie tiauor inditivs inichideul:

" WVhen the composite viewpoint of the thirteen initialtves was evaluated, thle nijormfv of the entecrprise
wais lot being addressed.

" I here %%as sliznificant overlaip in) the aircas being addressed by tile IiitailkCS.

" A\ miuiber of in1itiatives were at thle coniceptul leVel Of (lfMIitioii. If i Is take quCicky theCMY LSe pro-
V.ra ins proivide thle best ippo rtmIiitv fohr cooiperative developmient.
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A summary of the findings is included in the Conclusions Section and cross references to the specific rec-
ommendations are given.

A finding from our discussions with the program participants was that the value associated with conscnsus
actions was recognized. I lowever, the detractors for the consensus between initiatives are time and rcsoturcc
constraints, current deliverable commitments (contractual obligations), and the lack of am recognizcd common
framework.

SCENARIO INVESTIGATIONS

The scenario investigations were initiated after the first llFWG. The objectives of the sccnzario inve',t iation
was to describe the Einterprise Integration Framework concepts, their application in n cnltcrprise eu n'cerinn,_,
environment, and any derived benefits. The scenario report was based upon the ('IM-()S\ fraincwork. I he
report includes:

" A tutorial on ClIM-OSA which introduces the concepts included in the fratrnework and the mnter:tcmiw,
infrastncture.

" A roadmap for using the framework to evolve the enterprise to an opcn sy tems cnvirolnmCnt CO'iite'Ilt
with the enterprise needs and objectives.

/ A life cycle methodology for developing the necessary enterprise descriptions (mnodel,. tlie ass tiatttd
framework elements, the purpose of each fiamework elemcnt, and the restultimit benceits.

CIM-OSA incorporates two architectures, an enterprise dcscriplive architcturC (framcwork composed of
models) and an integratedl data processing environment. The dcscriplive architecturc describcs t he cle'icnin
of the enterprise in a processablc form (exccutable model). lhe inteigralcd data processing architcturc pro-
vides the environment which supports enterprise engineering (inodeling. siinalmtn. in d decision inakine).
application development, and the enterprise operational environment. Varioju, aspcts (1 the framew',ork.
their definitions, and the benefit of lpplying the framework are sho\,in inI [able I on pamc I.
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[rable 1. Key Framework Aspects

Attribute Description Benefit

Business lDescrip- 1 ie definition of the aspects and their Flic definition of thle aspects will allow
tive Lainguage relationships of the enterprise which the opportunity for business under-

need to be described to establish a standing, business process simplifi-
systcrn view" for business management cation, and tfir sharing (integriiatlonl) of

aInd enterprise engineering. Initial deCfi- bulsinecss activities. Anl Initial focius onl
nition of these aspects provided in fihe data intetyration is expantlinu Into
11)1:1 methodology has been extended process aInd activit \ itegration. A ke
by (AM-OSA' Generic Models, benlefit Is thinues that are describcd wIll

be separately cont rollable and rapidl,>
chanLged.

Partial Models 'The completed descriptions for aspects, lectronie: Lxelmrnee Of data1 has1' d!Tn-
enterprises have in common. T[he onstrated imiproved respon-siveness ;ind
partial models can be applicable across quiality,. Process simplification and
or within ani industry segmenrcrt, and increased1 iter-depenCTdecy1 bet%\t2Ceo
provide the basis for agreements upon enterprise processe s tec:qiileu~cit to) 0oup

which integration can occur. Fxamp les current CnMner ne 11TCI1U will pro ed :%\ en
would include PDFIS and FI s pecit- greater returns htorn a quality. kost

cations. ef1clctivencss. a;Ind responsiveness'lad
Point. Partial mlodels represent a
shared Inmmitn In definition int

resoiirces,

Computer A language and associated Integrated A searnles- transition, which incl'rde\
Processahie enivirornment which captures the busi- SirlatIrm161, fro) the MOdels t0 1he

ness descriptions andl provides proc- operating, environmenCTt provides the
essing capabilities to Support the basis for rapoid and cost cffectil e

enterprise operation. change.

FIE Repository 'The key element in thle integrated env'i- A key t echntologv' focus to facilitate
roniment which facilitates operation and open. heterocrneos. inteeratcd crivi-
integration within the etetrprise. '[hle ronimeit. I lie dynamnic fea tures \\ ill
three scema concepts, of [ISS are preserve 'orienirreirt Operation of lee
extended to eniable (Ivilatrlc uise of thle \vslecins and evol)I inc ne tic\ clrnI ulo, ere
framework aInd operation of the enter-
pri se.

I he( scenario Investigation imidicateCs that thie support mecthods; arid tools for the l':imcework 'ire rconrplcte.
I[le scenario investli.gations included ICI mat~ pping~ of' the framnewC\ork reqtied elemnTI s to the II') HICeifrol-
olotgy developed by the Air Ilorce l 1 \XI project. ;icLiificait iniproveinerits t.) tfir IPI 1) nerliodoloures
wecre suggested as a result oflthis mapping.

A s ignificant concept is the(, use of' RefeCrence Miodels. Reference models canl he deflied ait a1 r'(Ilitireiens.
desin, or linplemnttation level. I liesc models are Intended to facilitate bulsiness process' iiitcraction. coil-

sistent information definition, :ind Rientificatlonl of, conmmon activities: this would s upport both inter enterC-
prise integration and application development eff1ICTiciVs. 1I'le Concepts Mid Spet~C'IlutionIs for supportling
tools need to he validated throuh aprlicationi of file fr'amewo rk.

!hei tindings ('r ur the scunrrru Iivesigat ion Inluded:

* Referenc models consistent wit Iintter arid intra enuterpi'ise iiitemratiuu ;it the process levels ire trot
defined.

* ( zenrally, AVAILINCl iModlel; arle riot eCUTable11.
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T he methodology and support environment for CINI-OSA needs to hc validated and additional tools
developed.

A summary of the findings is included in thle Conclusions Section, and cross rcterenices to the spccific recc-
ommendations are given.

TECHNOLOGY INVESTIGATIONS

The technology investigations focused on enterprise modeling and an open systemn repositor\-

Enterprise Modeling

1The enterprise modeling Investigations were performed by the Reninselear Decsign Research (.eniter and
included three activities:

" A sample portion of (iM-Ol-(SA was evaluated by translation to thle UN PR [55 latiiwage.

" An assessment of modeling laniguages for enterprise Information.

" An assessment of the applicability of modeling languages to thle I ifeI Ic cc met hodology modolell 111

requirements.

The conversion of a small portion of thle Cl NI-OSX model into I X 'IFSS was l'Mind to be ;an eniliilitctnineI
and a frustrating process. It was enlightening in the sense that it Forced a close read1iLYg of the ( I NI-i (K
documentation, and thus. led to a much greater understanding. It was a frunstra t i n bccause tnanv tcail
were missing from the (1 M-OSA documentation. '1hle formnation of the I; X I FSS model identified _,aps ill
the (AM-CSA definitioni. This result indicates that a step in thle further developmntt of (7lNl-()S,\ should
be a rigorous application of I-AXPIMSS in tile Cl M1-( SA construct definition-

Existing information modeling technologies were compared to identify their respective capabilities. ['lie
modeling languages considered thle formally specified graphic data modeling languageus Ill DI -:1X and N IA NI:
the infoirmally defined graphics language suggested by Shlaer-NMellor: and thle formTally Specified teXtull
programmatic information modeling language FX PRFSS. [he I X PRE~SS lanlguage: is a superset of' tile
other iangiiages; it supports thle modeling of comnplex constraints; and since it I,, a pro izramm nal ic Umiun lag!. It
is; computer processible. IFrom t he I'l )l St/S. IP experience, there Is somct limiu to be gaii ned I-, i nodcllm InII
two or more lainguatges, as each foirces, a different viewpoint (into the inodeline2 proicess. If lie inodelinet
language does not suippo rt constraints, then these tend not to he considered. inl spite oflie facwt thI at con -
st raints are aI vital ingredient of a comnplete and robust lintOrtmit ion model.

S'Il P:1 has shown that mnultiple modeling methI odo logies aIndl representations ateo allI ;iid to liiiiia iticdr-
Stamidinig and] improve both thle quality and efficienicy (of iflodcl developmentI. I lov~e\ cr. t here imist .&()o be i
clear iiiderstancline, that oti nd o11(nk' one oif thle model repiresentations Is tlie imaster or Icc-Al ' 10i1i
S'I1:1P has ,ilso (demonstrated thait thle inecessity tor coini)ilter processilei representit i ns. It selcted
:X PR 1:SS as its master language, as It was iliiremitly processile.

('1%1-( )S,\, and hence thle lIE, is an attempt to define an1 art-ll itect tire for (lescrilinui file aictivities of ii

enterprise. [lite architecture is based upon successive refinement from thle inost cieral conIcept, to tile vcrxT-
particular instantiat ion within a specific business location. ('INI -( SA has ()ill\ v mell vprovidedI apreli liinar\
sketchi of what isto be (lone. Perhaps thle largest modeling effort to date is occuirrin g vit in thle
lI 5F/Sl FIT project. I'iilike S'I ITl, which is concentrating onl mnodeling thle i'nfration necessarly to (1efine
aI produict, F;II: mnodelinig ;ilso Includes activity oit process modeling as x~eli as5 Ilt ifloiriiaton mihlelillic1.
'11u1i, these two tv pe.s of mo dels must bie integrated. I X I RFI can lie u sed for act ivityv modleliz a. s dciii -
onst rated In thle ill tlie samnple portion discussed above; however, a pi o(-cess;Iiie Li nwi iae desILeiicd for1t is
pI ti i-se is IiteY to he more ellicient. /\i example oif an existn c vtvp i.sil agae~o ib

sel.Istele was (eicnll anid is uised within thle ()SI standards activity to dekfine thle tr;insaction nodecs. ho
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obtain the modeling integration required by FLIE will necessitate some form ol modeling language and tool
integration.

At a somewhat higher level, developing an [.IF model will be simiular to developing ant extremely large soft-
ware system, with added disadvantage that there is virtually no experience base, apart from SlIP. A\t a
conservative estimate, an [II will be at least an order of magnitude larger that S'JI1:1. It will be absolutely
essential to have a "FLIF system architect" to act in the same manner as a Software systemn architcct.

The Findings from thle modeling investigations included:

" An enterprise model is a combination of process and information models, and the use ofanIT integrated
form of thle FX1PRFSS and [stelle languages may provide thle "master' 1 TI odel languo-ages.

" Use other (e.g. graphical) forms of model presentation for explanatory andI( developmental purposes.

" [here are few tools available to modelers.

" An ElF systemn architect is required to manage thle complexity.

A Summary of thle findings is Included lin thle Conclusions Section anld cross referenices to thle Specific rcc-
ornmendations are given.

Repository Investigation

Central to the integration of any enterprise is the business-wide: sharing of' informaItin about the enterprisec
objectives, data, processes, policies, ru'cs, procedures, resources, and organization. lIn order to ;ICCOTinpliI'h
this, a central logical access to all crt e.prise data must be provided.

Although the concept of, !-,*,torv is accepted by the Initiatives evaluated, there is- no consistenit detiit ion
of its behavior, functions a..U contents. '[he F:1F Repository Investigation Included a review of the 1i1-
lowing considerations

I. Technology issues.

2. Iligh levAi requirements.

3. Architecture.

4. A\pplicability~ to CINI-OSA integrating Infrastructure.

5. Architecture vs. Applicable l'echnologv.

An I IF repository architecture based upon object-oriented principles and itili~ina Hliteen 1 I3) object m1an -
acers to control (1l ifferent characteristics was defined. IHits recposit or. provides f) thle Inclusion of legacy

infOrm-ation sysItms and is extendable to incorporate new~ tcclinoloL~v as It Is developed. I cuacv itnlortatiori
is defined as objects within thle repositorY thlrh iehle ti e of wrappers. I 1CN 'As a rapperCs allow t lie leeac\
system to Interact with i lie ot her objects within tilie repository. I'lie dyna nlic vspcct of' tle reposit or' Pro-
v.i(1es for thle CXcuIt ion ofMenterprise activities based onl trigers %kithlin thle rep()sitorv- I'lhe object rulana g-er
objects are Iithemselves describecd lin terms of tile thirteenl managers ;illowiIgt11 Ill" deCriiitioi' objCcts AS well aIS
other objects to be free to chanize andI( evolve. By'. pro' idinev I' r tilie evolu it of tilie reposi toya e cli -
riology becomes available, the I'll; repository t ri ly Is able to grow and operate :Is anl openi systemls environ )-

irient.

As described in the R epository Report, thle repository arccept s and implement sl thle ('~ ()Aconcepts, anid
Includes tilie ( 'I M-( )SA ( omi nicat ion, Information, IFrout ind. and lii sincs-; Proc~ess Services.A
sitimirary of thle fin1dings IS Minclde in) the ( omielisiomis ScLtionl, ;iiidI CrOSS re'renC11S to thIscfc Sll mliri-
endatIfons are ien
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CONCLUSIONS

The Eniterprise Integration Framework Study objective was to definec for national consensus aI strawmaln
framework that would promote US5 industrial competitiveness through enterprise integration. This strawfianl
national framework for inter and intra enterprise integration was to he based on:

" Open Systems.

" National and international standards.

The five questions identified in the Problem Statement were resolved as follows dutrirng the study contract:

1. IF DFl7 FINIllO N 01.TIIF I:RAN M )R K - The framework must accornodate all aspects. trornl
definition of goals and objectives (b-- some method) through thle information systems architectutre wich
enables systemns development to further these objectives.

2. IlIF BOU NDARY DIINIIION OF. IHE FRANMORK - It was determined that thle ('l\I-t )S.A
framework provided a complete definition of the boundaries.

31. THE NEXT LEIVIl OF: DFlAI. lTlAT IS NEI)H) [0 EURlI IER Dl:EINI: II*1 II \D 'A-
RIE1 ,S - The (IM-OSA framnework extensions currently beling developed by ANIRT are dclinirie thle
lower level boundary definitions. A co-operative development act ivity with A NIT CE as Included as a
recommendation to accelerate and define at an implementation level the boundary descriptionls.

4. ]lERI T S .NI 7 EI)I) FO) (U.ADF IIF Ii RANEWORK - Ani outline of the rules. procedfures.
vuidclines, etc. were out1li inl the 1:11 Scenario Investigations. All approachl to thle opensyte
requirements for information systems integration was out lined in thle R epoitory Inve st ILatilon. Rec-
omniendations for the consensus based refinement of these and other l:ll: re-quired rules, procedures. etc.
arc provided.

5. SOLUTYIONS .... 01. I IF C:O 'll;*ITI'IVE:NESS IS1 SI T he developiment of reference models pic-
sents an opportunity for U.S. industry competitive improvemnent. The development of a finter entrprise
reference model for the IDol acqluisition process was recommended as a tcst case for substatitiatinetz thle
benefits that could be realized.

The study results concluded that a strawman was provided by the C I \-( )SA concepts: however, the specifi-
cations and supporting environment for (IMI-( SA are 5!ill in development . I *S Initiatives are develop1ine
equivalent concepts, for parts of the framework; however, a mnigration plan reflectilnrc convt'enCeI of thle con.-
ccpts needs to be defined. I lie methodology for the application of the (' I-() \concepts was post iiIatte:L

hrilt. the I IF methodology needls to be refined through aI conisen sus process. and1( a sirpport in g i nt er;ittd too

s et tiust be decfined. One of thle tools concepts, ain I II Repository, was decsci ibeil. I Ile GhjCct i~ ot t1l1e

VIll Repository is, to enhance open systenis definition by providliia INvn;1nIcI lul-dptn rcta-t ru1c r
framework. [ile (INI-( SA concepts arre cuirrntly in tile interniational standards process., aId r10 011iMAilCrrt
( S st andlard is in development.

The EIE Study confirmned that (IM-OSA could be useCd aIS tile fonrndiJ(;tir or) ;in Vnitrprise, Iriteeraiori
IFrarnework . I'lie framework wIll reqinre the completion of tilie ('INI .( S. specificti ons, refirremerii oft ;i

enterprise integration methlodlology, development of the eniziiieeingt snipporl t eiviroilieit (tools)t. ;irid et

llshrnit of conipliant reference Models and pr-oducts. \lthlongl tile compliant produlcts anid models ale riot
dleveloped, Industry and governmient canl begin rising the conlcepts withI exisit ii caipabliliis aird rin jrate as
lie compliant products becomeC available. Initiation of thle development of refecrece- models, based oil

(1 M-O SA compliant produclts aind models, will provide a basis; for v'alidaition of tilie concepts. refinrin11CIr 0I
the( specifications, andl( quatification of the beiiefits.

I lie following sections suirmarize tilie findings :ind reconmmendat ions.
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SUMMARY OF FINDINGS
The following tables summarize the findings from the various study activities performed on the HEF Study
Contract. These findings are cross-referenced to the recommendations for follow-on actions. (e.g. identifi-

cat ion of the Recommendation Topic - Action Number (111-3))

RENSSELAER DESIGN RESEARCH CENTER REPORTS

FIND)ING FROM\ N'IODI)ILING INVESITIGATIIONS IREU)\I\IIK\-

CIM-OSA Modeling 10 limes More Complex T han I'D)1S { 1113

Integrated TFool Set Not Available 111ll-3

Require One Languiage As A NIASTFR For Control 111-2--

Enlterprise Model Is A Combination Of Models I- I

Master language MNay Vary With Model [:uniction (e.g. FSTITIT for 1'ROCF.SS. 111-2
EX1PRESS for INEORM ATI 0N). ___________

Constraint Representation Is A Critical Requirement IV- -2

CIM-OSA Provides A I'reliminarv Sketch Of What Is To Ile D~one IV -2

(sing More [ban One Model ILcads Results; In A Better I uiderstanding 1-3

Require FIE SYSIE M A RCIT ECT 1 -

NATIONAL INITIATIVE POSITIONING

P~REIMINARY FIND)INGS IN FIF\V(G PRISINTATII(N RIK(()MIKN-

\laijor IFocuis Information Analyst Viewpoint14

Custoiers, F xeciitivecs, I12 sers Needs I east locus It

I k-ss I han I Lad (f WU Fterprise Ixamined I-

I )esign anid Niamoifict uring Process! nformation Most (h)crlap1-

R cs( )i ic and C )renizat ion I lave I multed (Coverage 11

Necessary l'echnical Breadth Recounized Byv Prottrams N A

()nivy (1 I-OSA Encompasses All Of [he En~:terpriseI

lBro der Scope Progns In Coniceptural lDevelopinent I___ _ _5 -S-

Architctures I ,ai Devehopmvnt hISome lProrains_____ I
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FINDING;S IN JOINTP 3 .SIION ING RE[PO)RT'JR(YII
D)A lION
NUMBER -

Candidates For Co-operation 1-5

Candidates For Future D~evelopment 1-6

Methodology, OSA, Communications Strong Candidates [or Co-ordination 1-5
Across Programs

Management and Support Functions Receive Little Attentio 1-6

Information Management and Product Information Areas Arc A Common Focus 1-5
For 'Many Programs.

Majority Of Fi ~tcrprise Not Becing Addressed1-

IBroader Scope Programs Are In Conceptual Phases, Providing The Potential [or 1-5
Increased Commonality If Action Is Taken Now.

Architectures Fag Development In S.omic Programs I

ElF SCENARIO INVESTIGATION

FINDINGS IN RETORT RN IMNI F.N-

Incomplete Eniterprise ILife Cycle Mevithodology1-

Incomplete Process Behind Methodology I _3_

Incomplete Support Enivironmnent 11-

[iter- and Intra hI tcrprise Integration (Context At Process I evel) Not I )ciied I I

\'odels Not Fxecuitable 1-

ElF REPOSITORY INVESTIGATION

FIND)INGS IN RlPI'I RIA ( O\\N-
DA~ I I0N

Need IFor Repository As C entral I nformnation A\ccess Point Ill-]I

HIchre Is No A treed I 'pon01 I )einilt ion Of Repo_)sitory ll

No One Addressing All Repository Needs 111-_4
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RECOMMENDATIONS

The recommendations address refinement of the architectures and methodology ofli he lterprisc lntcgration
Framework. Specific recommendations are made for technology developments to address framework con-
sistent tools and an information repository. The recommendations include follow on actions for establishina
a US interface into the pre-norm international standards activity of AM 1(1 arid through this ('S interflce
also establish a migration plan for U.S initiatives to provide thle basis for building national consensus con-
sistent with international standards directions.

Recommendations are included in the following topical areas:

2. TEST CASE

3. 1)EV11 OPMENT

4. VALIDAIO(N

5. I)FMONSTRATION

6. (:IM-OSA ACTIONS

For each topic the following are provided:

1. RI lCMM )Al)N-I gh level sUtItment Of su~ggested direction.

2. WHAT ACTION -Suggested specified actions.

3. APPROACHI - A short description.

I - ElF CONCEPT

RECOMMENDATION

implement a common architect uire starting with the C I \I-( )SN definition. Inco rporate exist inc anid t i to
Do I) Initiatives in refining, e xtcnding, and validlatinsg tile (1 NI -)Si\ dcfinit mm1.

ACTIONS

I is- ; -corriendation call he faicilitated by the followingv actionsq:

l . Desienlate All Agenit To 1e 1lie SS ITN? .\ N (1 I PF( I

2.Achieve ( onsenisiis (h )n Ictrprise Inte-gration JRoadinap

3Achieve C onsensus IS()n Metlhodo log\' Process

4. Adopt A B~usiness I )scriptive I angiivige

5. D evelop Role, Relationship F or I: xis;ting P'rograms

6. P'rovide ( itildance Vo New Programins
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APPROACH

These actions should include tile following considerations:

. Establish a working relationship for the continued development and refinement of CIM-OSA with the
AMIC(E.

* -stablish a consensus based US Architecture Program responsible for execution of US (IM-()SA refine-
ment activities.

. Initial actions required include refinement of the IEF roadmap describing enterprise application of
CIM-(SA and validation of the associated methodology process.

0 Based on CIM-OSA definition and CAIS STANDARDS ROAI)MA1, develop a joint AMI(;l. Dol
standardization plan.

. Existing program and consortium activities should be incorporated into consolidated approach, e.g
assign specific standards to programs and/or consortiums.

. Existing programs can provide technology demonstration for required concepts. specific outputs as draf?
specifications, and assessment of the applicability of technology.

. Future programs can be defined to accelerate key technology and additional enterprise processes.

II - CALS TEST CASE

RECOMMENDATION

As a Test Case, define a common I)ol) Procurement Process description IItiliint. Iextcnding the 1:11:
Roadmap and Methodology in a consensus process to provide a model for inter-enterprise intcration
between Government and l)efense Industry.

ACTIONS

This recommendation can be facilitated by the following actions:

I. Assign authority to Joint Service Task IForce.

2. Incorporate Industry Participants IFor Prime/Major Subcontractor,'Sipplier Roles.

31. Develop Particular Models. C;eneric 3uilding Blocks, and Partial Models \lplic;lc IH0o IOD.

4. Assign An Integration Conlractor To Manage ['ask IVorcc Industry Prt iciatIli in ;ictoIl l:iii'e ; RiL 11 lhc
(IM-(OSA and the I !.S. System Architect.

5. I)ocimcnt Strategic and Migration Plans BasCd ()i The Above Actions.

APPROACH

' lhese actions should include Ile following considerations:

Initiate a ('IM-()SA Case Study to improve the responsivencss and concurrency allowable in the goxerinicnt
acquisition process. I:valiate the current government acquisition processes and indiisth v processes ( \S-IN)
which intcrface with i le government to dlefine altcrnate process approaches I (I )-I l:). Result should prm idc
advanced definition (Strategic Plan) for government ;ml industry process int' irathon opportunities to a chicvc
the CA! S objectives. The next step would be to def-ine an Inplementation (firmtion) I Plan.
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III- DEVELOPMENT

RECOMMENDATION

Plan incremental introduction of ElF, through development of consistent technology capabilities in mod-
eling, processing services and applications.

ACTIONS

T his recommendation can be facilitated by the following actions:

1. l)evelop A Detailed Repository Architecture Specification.

2. Adopt A Computer lProcessible Ianguage.

3. Build Consensus On Tool Set Requirements For The Methodology.

4. Sponsor An Advanced 1)evclopmcnt Program To D)emonstrate An ElF Repository and Fools Per Spec-
ification.

APPROACH

These actions should include the following considerations:

" Define a migration plan to converge modeling, data processing services, and applications capable of lising

the processing services.

" Develop technology extensions to facilitate the case of implementation in thrc areas starling iminc-
diately:

1. Extend existing tools, like ID)EF, to more completely model the processes, provide computer
processable results, and act as a flexible integrated tool kit. Apply the resulting tools across enter-
prise process analyses conducted for CIM, CT, CAI.S, TQM, etc.. Incorporate model outlptis in
computer processible form as basis for legacy integration and migration.

2. Define a computer processible language for the above consistent with the descriptions required to
support the modeling and enable data processing services functions. IFvablitc I:X P1. I5:S.
1,S'I'I ,l .F, ISyCT., and others to formulate a specific recommendation to be incorporatcd lito
CIM -OSA.

3. Develop a repository architecture based on the initial IFI repositorv recommendation report. ili-
tiate a dynamic repository technology development based uipon demonstrated (') tccliologies.
I)emonstrate self-adaptability features of repository bY rcspondirii to new al rrianalivc ui dri l1 inc
technologies from inultiple vendors. Include the identilication and ilt crat ion of cxislin ota lndards
(CIM-OSA, IRIDS, PDFS, etc.) and if neccssary, developmetnt of ncw standards.

IV - VALIDATION

RECOMMENDATION

Validate The IFeasibility ()f Integrating I'xisting Information Models Into \ ('IM-OSA Reference Model
And Define Support Tool Requirements.
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ACTIONS

This recommendation can be facilitated by the following actions:

1. Extend CIM-OSA EIXPRESS Definition

2. Integrate PODES, [uS, and D)ICE. PP() Within CIM-OSA.

APPROACH

T'hese actions should include the following considerations:

"Using thc current EXPRFSS definitions from PDI)S, [IS, and the DICE PPl'O Integrate these, models
with the C'IM-O)SA constructs.

" Validate the CIN4-OSA constructs and define retinements/extensions.

" D~efine the PI)ES architectural relationships with CIM-OSA, identify tool requirements, assess the role
and effectiveness of a computer processible language using EXPRESS as the tentative target, aind deter-
mine tile feasibility and limitations associated with inodl integration.

V - DEMONSTRATION

RECOMMENDATION

Demonstrate Resulting Capabilities In Selected lDoI) Industry Sites.

ACTIONS

'[his recommendation can he facilitated by the following actions:

1. Define Partial Model For IDoD1/Industry Use

2. D~evelop Site Specific Particular Models Based On Partial Model

.3. Implement Integrating Infrastructure Componenits

4. Perform Pilot Operations

APPROACH

T hese actions should includeI the following considerations:

. I stablish ('I NI -OSA (leronst rat ion environments consistenit wvith the incicienntal release ot ( I NI -(S.

capabilities.

. D~evelop a Migration plan to show. the evolution of the (1N )Aarchitectinc, data processi)Lg\iie
specifications, model development, and compliant products.

. Co~nduct modeling activity utilizing IF E Methiodology and ('IiM-( )Si\ Constructs to identify requpiied
improvements.

. Tailor tools to the defined ('IM-()SA capabilities.

. Incorporate infrastructijre arid application product; From multiple venidors.

. Stihstauntiate the benefits derived dluring the development and resulting from operaitinlg Ini a i-
en vironicrit.
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CIM-OSA ACTIONS

RECOMMENDATION

Designate a U.S. interface who will coordinate the CIM-OSA actions directed toward AMICF[.

ACTIONS

Define cooperative/co-development plans with a U.S. Government agency to:

1. Improve availability of

* AMICEi Restricted Data

SAM ICE Published Data (Conference Presentation, etc.)

2. Define Standards Plan and Strategy

3. Provide Broad Base of iEducation and I)ocumentation For:

" Ixecutive

" Interprise Engineer

" Information Analyst

APPROACH

We recommend that AMICT, assume the lead in addressing the three items that aic shown. If wc arc to
have a successful start to building a joint enterprise intew-ation framework, items one and four must be giveni
priority.

The CIM-OSA concepts, as are the problems of enterprise integration, are complex. If cooperation and
consensus arc to be successful, then a broad audience must have access to and understand the current state
and direction of the (IM-O)SA definitions and AMICF-'s plan.

All of the actions can begin to be formed when AMI(1T, in the role of the catalyst, appoints a I 'S. intcrfacC
and has a designated I ,.S. representative with whom to work.
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ACRONYMS

AIICE European Computer [ntegrated Mianufacturing Architecture consort iumf Onhe of the FS )R IT
projects.

(:INI-OSA Computer Integrated MNanufacturing - Open System Architecture. I lie result fromn the ANICIl
consortium which is being submitted to the International Standairds O)rganuzation.

D)ARPA The Defense Advanced Research projects Agency.

ESP~RIT European Strategic Programme for Research and D~evelopment in Infori-nalion Ieechnoloevy utp-
ported by the Furopeant Commuuities.

fEstvile Language designed for specification of distributed concurrent processlngv svsteiris. lutl iid wiiti
the communications protocols and services of the ISO Open SN stcnis Intcrconnecction :irchit'c-

ture.

IX PIR SS I -anguage developed by the Il)[S S'Ii1T international standards cointlity for thec p-irpwus of
information modeling.

SINMIE(II S~mi'conductor Milnufaicturing 11(IlCi ology is a consortium ol ('S. seCMICOndUICtor M11
factures that sponsors and conducts research in semiconductor Mat'nuf"ICtUring tch nology.
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Appendix A. CIM-OSA EXAMPLE

The following paper summarizes the CIM-OSA Framework and provides an example application of the con-

structs.

MODEILLING AND ANALYSIS OF FNTIRPRISF INFO)MAIION SYSI'NIS WI'H ('1M-()S, \
written by F. Vemadat and prcscnted at CIM F'urope 90 lisbon, Portugal, 15-17 May 19'0t).

Permission for reproduction in this report provided by:

Mr. Willy van Puymbrocck
ESPRIT CR I)Di XIII / A / 6
200, Rue de la ILoi
B-104( BR(I SSIi.S / Belgium

Francois Vernadat
INRIA Lorraine / CIESCOM
Technopole Metz 2000
4 Rue Marconi
F-57070 MF, TZ / France

A-39 App'lix . (N I\I- OSA I NA\1I'I I


